Bacteriology of select aquatic hosts utilized in lunar sample exposure studies  Final report by Lewis, D. H.
TO: NASA Manned Spacec ra f t  Center 
Technical Informat ion  Disseminat ion  Branch 
Houston, T?exas ,77058 
Attn. Retha Shi rkey ,  Mail Code BM 6 
Mark For :  Cont rac t  NAS 9-10830 
SUBJECT: F i n a l  Report on NAS 9-no830 Bacter io logy  of  S e l e c t  Aquat ic  
Hosts U t i l i z e d  i n  Lunar Sample Exposure S t u d i e s  
FROM: D .  H .  Lewis 
Gent Pemen : 
A s  p e r  c o n t r a c t  schedule  da t ed  May 2 0 ,  1970 At tn :  B B 3 2 l ,  M r .  R. C .  
Bake, I wish t o  submit t h e  f i n a l  r e p o r t  on c o n t r a c t  N A S  9-10830 f o r  your  
c o n s i d e r a t i o n  
S i n c e r e l y ,  
D .  H e  Lewis, Ph.D. 
A s  s f s t  a n t  Pro f e  s s or 
DHL/m,j m 






B r i e f  Desc r ip t ion  of  Work: 
A .  ObJect ives:  The c o n t r a c t  was s p e c i f f c i a l l y  designed t o  
provide mic rob io log ica l  support  t o  t h e  i n v e r t e b r a t e  - lower v e r t e b r a t e  
p r o t i o n  of  t h e  l u n a r  r e c e i v i n g  l a b o r a t o r y ,  B i o l o g i c a l  P ro toco l  f o r  
Apollo S 3  and succeeding mis s ions .  Technica l  c o n s u l t a t i o n  and a s s i s t a n c e  
was sought b y  NASA f o r  microbio logic  suppor t  to t h e  a q u a t i c  animals 
du r ing  Apollo 11 and 1 2  miss ions .  T h i s  support  was provided b y  t h e  
Department o f  Ve te r ina ry  Microbiology, Texas A & M  Un ive r s i ty  
B o  Accomplishments: Microbiologic  suppor t  embraces a mul t i t ude  
o f  c a t e g o r i e s .  A s  a p p l i e d  t o  a q u a t i c  animals  and s p e c i f i c a l l y  t o  t h e  
animals u t i l i z e d  i n  t h e  NASA s t u d i e s ,  t h e  suppor t  c o n s i s t e d  o f  s c r e e n i n g  
t h e  t e s t  animals  f o r  e s t a b l i s h e d  pathogenic  b a c t e r i a ,  S i m i l a r  s t u d i e s  
a r e  r a r e ,  t h u s  i n  a d d i t i o n  t o  conduct ing r o u t i n e  b a c t e r i o l o g i c  ana lyses ,  
some of  t h e  e f f o r t  w a s  of a developmental  n a t u r e .  P a r t i c u l a r  emphasis 
was p laced  upon developing  methods f o r  p rocess ing  specimens i n  c o n f i n i n g  
environments such as t h o s e  of  Class 111 c a b i n e t r y .  Immunofluorescent 
techniques  were developed which could: a >  d e t e c t  s p e c i f i c  pathogens.  and 
b )  d e t e c t  a n t i b o d i e s  to t h o s e  pathogens.  These developments should b e  o f  
va lue  both  t o  f u t u r e  similar t e s t i n g  procedures  and to f i s h e r i e s  i n d u s t r i e s .  
Techniques a p p l i c a b l e  t o  p rocess fng  l a r g e  numbers of  bac ; t e r i a l  i s o l a t e s  
i n  a l i m i t e d  space  and w i t h  minimal amounts t e s t  media were a l s o  developed 
du r ing  t h e  t e n u r e  o f  t h i s  c o n t r a c t .  Two papers  on t h e  immunofluorescent 
technique:  "An Immunofluorescent Technique f o r  Detec t ion  of Aeromonas 
l i q u e f a c i e n s  i n  F i sh  U t i l i z e d  i n  Lunar Exposure S tudies" ,  D. H. Lewis and 
T o  C .  A l l i s o n  and "Detec t ing  F i s h  Antibodies  t o  Aeromonas l i q u e f a c i e n s  
by an  I n d i r e c t  F luo rescen t  Antibody Technique", D, H. Lewis and N. L. 
Savage, have been prepared  f o p  submission to t e c h n i c a l  j o u r n a l s .  The L e w i s  
and A l l i s o n  paper  has been approved f o r  p u b l i c a t i o n  i n  Transac t ions  - o f  
t h e  American F i s h e r i e s  Soc, Approval f o r  t h e  L e w i s  and Savage paper  i s  
pending a c t i o n  by NASA,  and t h e  t e c h n i c a l  J o u r n a l .  Two o t h e r  manuscpipts 
"Device f o r  Mul t ip ly  I n o c u l a t i n g  B a c t e r i a l  Cul tures" ,  D e  H. Lewis and 
"Bac te r io log ic  S t u d i e s  on Aquatic Hosts Used i n  Apollo 19-14 Lunar S o i l  
Exposure S tud ie s" ,  D .  H o  L e w i s  a r e  i n  f i n a l  p r e p a r a t o r y  phase .  
i n  c e r t a i n  f i s h  which were to be u t i l i z e d  i n  Apollo 13 and l 4  miss ions ,  
adverse  e f f e c t s  were not  observed i n  any o f  t h e  t e s t  an imals .  The 
C .  Resu l t s :  Although t h e  f i s h  pathogen - A .  l i q u e f a c i e n s  was observed 
Species 
Fundulus heteroclitus 
Prime hales promylus A virginica 
Penaeus aztecus 
Log Concentration Aerobic Bacteria Per 
M1 Body Total 
CW Cm 
Aquarium Length Body we, 
W a ~ ~ ~  Specimen 
2.0+1 3 * 0+1 3.0+1 
2.07l 3 e OT1 4 e OTl 
4 .  Oyl ND- * NB 
2 041 4.0+1 - 2 . G  - - 
Table 1. Concentration of bacteria estimated by diluting sample 10-Fold 
in Trypticase Soy Broth (for Fundulus and Primephales specimens) 
and Trypticase Soy Broth + l b ' m o r  Crassostrea and Panaeus 
specimens). Specimens were collected in sterile plastic- 
and hosts were measured and weighed. The surface load was esti- 
mated by culturing washings of the various hosts. After washing, 
the specimens were immersed in 70% ethanol for S minutes, rewashed 
in sterile 1% saline and homogenized. 
Crassostrea virginica  
Aauarium water 2 
Bddy Fluid  3 
3 1 4 





2 1 3 
1 3 4 2 
2 1 3 4 
Fundulus heteroc l i tus  
1 
2 
Aquarium water 2 
Surface 1 3 





2 Aqua r I urn water 




3 1 4 
3 
4 
Table  2 ,  Distribution of the predominating types of bacteria OR various 
aquatic hosts ranked i n  descending order of four most frequently 
identified genera. 
-4- 
microb ia l  l o a d  o f  t h e  animals  and t h e  b a c t e r i a l  concen t r a t ions  of t h e  
aquarium were such as n o t  t o  adve r se ly  a f f e c t  t h e  welfare o f  t h e  t e s t  
an imals .  Summary data on t h e  h o s t  systems a r e  p re sen ted  i n  T a b l e s  1 xnd 
2,  
Comments and Recommendations: I n s o f a r  as a s c e r t a i n i n g  " the  presence  
of' r e p l i c a t i n g "  disease-producing agen t s ,  t h e  b a i s c  exper imenta l  des ign  
of t h e  t e s t i n g  p r o t o c o l  appears adequate .  However, c e r t a i n  microbio logic  
a s p e c t s  of t h e  s tudy  could be improved. 
1. The c a b h e t r y  i s  not  adequate ly  des igned  f o r  performing 
microbio logic  s t u d i e s  on t h e  t e s t  h o s t s .  
a .  The d f s t p i b u t i o n  of samples w i t h i n  t h e  enc losu re  
could be f a c i l i t a t e d  by  u t i l i z i n g  mechanized c a r r i e r  
s y s t e m s .  I n  t h e  p r e s e n t  system, samples are  passed  
manually from one p o r t i o n  t o  o t h e r  p r o t i o n s  of t h e  
c a b i n e t r y  " f i r e -b r igade"  s t y l e  T h i s  arrangement i s  
awkward and could c o n t r i b u t e  t o  massive contaminat ion 
of t e s t  an imals .  
b .  Locks o r  o t h e r  barp ier  p r o v i s i o n s  ( e g  laminar  €Tow 
u n i t s )  could be used t o  greater advantage behind t h e  
e n c l o s u r e s .  P rov i s ions  a r e  no t  made f o r  s t r e a k i n g  
p l a t e s  o r  p r o c e s s i n g  specimens.  Formalin f i x e d  o r  
au toc laved  specimens are  o f  no va lue  f o r  mic rob io log ic  
examinat ion.  
2 .  Fu ture  s t u d i e s  on e x t r a t e r r e s t r i a l  materials should cons ide r  not 
only t h e  p o t e n t i a l  pathogens bu t  o t h e r  r e p l i c a t i n g  forms Q u i t e  p o s s i b l y  
t h e s e  forms could only b e  r e v e a l e d  i n  l i v i n g  sys tems,  Thus, g r e a t e r  
emphasis could and should be p l aced  upon u t i l i z i n g  h o s t s  whose microf"lora 
are w e l l  d e f i n e d .  
